A field survey was conducted in three northern Greek mountain areas (Chortiatis, Ossa, and Pieria) to investigate the mycorrhizal and nutritional status, and the essential oil content and composition of common medicinal and aromatic plants. A range of values for nutrient status and essential oil contents and composition was established. All plants were found to be mycorrhizal, including Achillea coarctata Poir., Micromeria juliana (L.) Bentham ex Reichenb., and Salvia sclarea L.;. these three are reported as being mycorrhizal for the first time. Arbuscular mycorrhizal fungal root colonization was highest in Pieria, exceeding 80% for all 15 plants sampled, and lower in Chortiatis and Ossa.
Aromatic and medicinal plants are of economic interest to the pharmaceutical, cosmetic, food and flavoring industries. The production of their essential oils may be influenced by plant physiology, cultivar, soil and environmental properties and nutrition. Even minor quantitative or qualitative enrichment of their essential oils may have a significant impact on their value. Essential oil production is dependent on the secondary plant metabolic pathways, and the synthesis of some essential oils may be related to defense responses [1] . Accessions of different origin of the same species may show intra-species chemical polymorphism, and it has been proposed that the chemical composition of the essential oils is also related to soil type and climate [2a,2b] . Inorganic soil nutrients have been both positively and negatively correlated with particular essential oils and total essential oil content [2c] , while improved mineral nutrition may increase essential oil yield.
Arbuscular mycorrhizal (AM) fungi form symbiotic relations with the majority of vascular plants, and are known to improve plant nutrition, particularly with P [2d]. In addition, there is a growing volume of research that indicates that AM fungi may influence essential oil production of medicinal plants quantitatively and qualitatively [1,3a-3c] , and this may also depend on the symbiotic fungus-plant accession [4a,4b] . The use of mycorrhizae in low input systems, such as in low fertility fields of mountainous and semi-mountainous regions, may improve aromatic and medicinal plant yields and quality [4c] . However, the investigation of the mycorrhizal status of these plants, many of which are common in the Mediterranean region, has only recently received attention. Little is known of the influence of plant nutrient and mycorrhizal status on essential oil content and composition of aromatic and medicinal plants of the Greek mountains, and of the effects of particular AM fungal species in aromatic and medicinal plant growth, and quality and quantity of essential oil. Therefore, we conducted a field survey investigating the mycorrhizal and nutritional status, and essential oil content of aromatic and medicinal plants commonly found in three mountain areas of northern Greece, as well as the essential oil composition of selected mycorrhizal plants to identify efficient plant varieties. Twenty-nine composite samples were collected in total from three different mountain areas (Table 1) , with a few of the plants being present at two or more locations. There were 15, 8, and 6 composite samples collected from Pieria, Ossa, and Chortiatis, respectively. More aromatic and medicinal plant species were undoubtedly present in the broader area (e.g. [5] ), but we limited the study to the areas that we visited and to the plants that were most common and which were positively identified.
All plants were found to be mycorrhizal (Table 1) . Colonization was generally higher in Pieria compared with the other sites, with plants having AM fungal colonization rates above 80%, comparing with Ossa (8-62%) and Chortiatis (37-98%). The high level of AM fungal colonization indicates that AMF play a very significant role in these ecosystems. Sporulation was highest in Mellissa officinalis from Ossa (135 spores 25 g -1 soil), but generally there were less than 2 spores g -1 soil. Comparing our data with a Serbian study [7] , Achillea millefolium nutrient concentration ranges were higher for Zn, Fe, Ca and Cu ( .0, 1.88, and 10 .37 ppm, respectively), which were higher, and B (0.55 ppm), which was lower in this study. For Mentha piperita there was deviation for Mn and B (111 and 55 ppm, respectively in Serbia). S. officinalis had higher Mg and Fe (previously 1.86, and 331 ppm, respectively). Oregano in this study had much lower Zn than cultivated oregano (16-33 ppm compared with 23-366 ppm in cultivated) [8] .
The essential oil content ranged from traces in H. perforatum to 3.6 % in Mentha spicata (Table 1) . For Achillea species the essential oil content (1.0-1.2%) was within the range previously measured in the Kokkoti region of Magnesia, Greece (0.9%) [9a] , much higher than cultivated (0.2%) [9b]. The essential oil composition (Table 3) from Pieria had 46 substances detected, and the main constituents were cineol (37.4%), camphor (25.62%), and ascaridole (5.3%). In Chortiatis however, 54 substances were detected, with 40 substances being also present in Pieria. Again, cineol (23.6%) camphor (14.2%), and the ascaridole-pulegone complex (11.9%) were the main constituents, but also fragnanol (15.1%) was present and in high amount.
None of these substances was reported either as present, or as main constituents in samples from Greece-Kokkoti [9a] , eastern Serbia [2a] and Iran [2b], while a similar composition has been reported in Greece [9c]. The previously reported highest concentration of cineol in A. millefolium was 23.3% [10a] .
For C. nepeta, the essential oil content was close to that of Panou et al. [9a] and Sarer and Pankali [10b]. C. nepeta from Pieria, Elatochori A, had a high concentration of pulegone (78.0%); menthone (7.8%) was also a major constituent. C. nepeta from a different location on the same mountain (Elatochori B) likewise had a high pulegone concentration (68.5%), and menthone (6.1%) was also a major constituent, but more substances were detected (36 compared with 27 from the other location; 22 were common). These are close, but differ from the previously reported composition of C. nepeta (L.) Savi subsp. glandulosa (Req) P.W. Ball from Italy [11a] , and also from southern Greece and Turkey, which had higher menthone (32 and 23%, respectively) and lower pulegone contents (~41%) [10b,11b], but differ from the C. nepeta essential oils reported from Kokkoti [9a] , where piperitone, piperitone oxide and germacrene were the major constituents. Baldovini et al. [12a] determined three groups of C. nepeta, one in which menthone predominates over pulegone, with some other compounds being present, a second type with a predominance of piperiteonone and peperitone oxide, and a third type which has a predominance of pulegone over menthone. Kokkalou and Stefanou [12b] also agree that there is the mint-type C. nepeta subsp nepeta, and the piperitone epoxide type C. nepeta subsp glandulosa. The Pieria C. nepeta is most likely of the mint type.
The essential oil content of M. officinalis was in the range of 0.03-1.3%, broader than that of Kokkoti 0.14-0.64% [9a] . M. officinalis subsp. altissima from Ossa, Ambelakia A, had as its major constituents geranial (20.6%), carvacrol (16.2%), neral (14.9%), linalool (7.7%) and trans-sabinene hydrate (5.4%); 57 substances in total. The same taxon from a different location on the same mountain (Ambelakia C) had a much different composition with pulegone (18.5%), sabinene (15.9%), and β-caryophyllene (7.7%) as major constituents, and more substances (67) Mentha longifolia and M. pulegium essential oil contents were rather lower than that from Kokkoti (1.5 vs. 2.2%, and 2.7 vs. 4.4%, respectively) . The oil content of M. piperita was close to that reported by Kowalsky and Wawrzykowsky [13d] (0.9%), but the main constituents were different from the iso-menthol (28.7%), menthone (21.2%), and iso-menthone (6.7%) reported. In this study, the major constituents were linalool (38.7%) and linalyl acetate (27.4%). M. pulegium had menthone (43.4%), pulegone (22.5%) and cineol (11.9%) as major constituents, while from Kokkoti [9a] there were the same constituents, but with a higher pulegone content than menthone (65 and 21%, respectively). M. spicata on the other hand had linalool (37.1%), eugenol (21.4%), cineol (11.1%) and methylcinnamate (9.6%) as major constituents.
Micromeria jurilana had as major constituents linalool (36.7%), linalyl acetate (12.6%), carvacrol (6.0%) and thymol (5.8%), while Origanum vulgare subsp. hirtum essential oil content was much lower than that of cultivated origanum (2-3% compared with 8% of cultivated) [8,9b] , and had as major constituents sabinene hydrate (trans and cis, 22.4 and 6.1%, respectively), sabinene (8.2%), terpin-4-ol (21.2%), terpinene (9.8%), α-terpinene (6.0%) and α-terpineol (4.5%). None of these constituents are reported as major in the four O. vulgare chemotypes previously found in Greece [13e], while thymol and carvacrol in this study were lower than 0.6%. Oregano from Kokkoti had lower terpineol, and much higher p-cymene [9a] .
S. officinalis essential oil content (0.1%) was much lower than the 0.7-2.1% reported by Kanias et al. [2c] , 0.29-1.07% by Marić et al. [14] , 0.91% by Kowalsky and Wawrzykowsky [13d] , and that from cultivated plants (3%) [9b] . In a study by Nell et al. [15] AM fungal inoculation or P fertilization did not influence either the essential oil concentration or composition. However, P levels were correlated with antioxidant production, and P fertilization rather than AM fungal inoculation was proposed for agronomic production, due to the higher biomass potentially produced.
Further studies are being conducted regarding isolation of AM fungi from the collected samples and evaluation of their effects in essential oil content and composition of aromatic and medicinal plants commonly cultured in Greece.
Experimental
Sample collection: Plant and rhizosphere soil were collected from 3 individuals of aromatic and medicinal plants in May 2007 from different sites in three mountain areas of northern Greece: Pieria, Xortiatis, and Ossa. For each site and species, 3 individual plants and the associated rhizosphere material were combined to form one composite sample. Within each mountain area, the different sites were at a distance of at least 1 km.
Enumeration of AM fungal spores and root length colonization:
After washing, part of the roots was cut into 1 cm length fragments, cleared in 10% KOH for 45 min at 80ºC, rinsed with tap water and immersed in 2.5% HCl for 30 min. Subsequently, roots were stained with Trypan blue [16a] . Mycorrhizal colonization was then estimated according to [16b] . The number of spores per 25 g soil was assessed by the method of wet sieving described by Gerdemann and Nicolson [16c].
Quantitative and qualitative determination of essential oils:
The plant material was allowed to air dry in the shade to 10 ± 1.05 % moisture. Leaves were separated from shoots, and the essential oils were obtained by hydrodistillation in 500 mL H 2 O for 1.5 h in a Clevenger apparatus. The composition of the volatile constituents was established by GC-MS analyses. GC-MS analyses were performed on a Shimadzu GC-2010-GCMS-QP2010 system operating in EI mode (70 eV) equipped with a split/splitless injector (230ºC), a split ratio 1/30, using a fused silica HP-5 MS capillary column (30 m x 0.25 mm (i.d.), film thickness: 0.25 μm). The temperature program was from 50ºC (5 min) to 290ºC at a rate of 4ºC min -1 . Helium was used as a carrier gas at a flow rate of 1.0 mL min -1 . Injection volume of each sample was 1 μL. Retention indices for all compounds were determined according to the Van der Dool approach [16d], using n-alkanes as standards.
The identification of the components was based on comparison of their MS with those of NIST21 and NIST107 [17a] and those described by Adams [17b], as well as by comparison of their retention indices with literature data [17b,17c] .
Wild aromatic and medicinal plant nutrient status:
The dried plant material was analyzed for N (total), P, K, Ca, Mg, B, Mn, Zn, Fe, and Cu using standard methods. Nutrients were determined by ashing 1 g at 540ºC, treating with concentrated HCl and using the Kjeldahl method (N), chromatography (P), phlogometry (K), and volumetrically using the Versanate method (Ca and Mg) [17d] . The concentrations of trace elements (Mn, Zn, Fe, and Cu) were determined by atomic absorption spectrophotometry [17e] and are reported as percentages for N, P, K, Ca, Mg, and as ppm for micronutrients.
